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1. INTRODUCTION  AND  BACKGROUND 
1.1. NICKEL  LATERITE  RESIN-IN-PULP PROCESSING 
 
Ion exchange resin has been used to recover value metal in the uranium and gold industry through 
resin-in-pulp/leach and similar carbon-in-leach/pulp processes for decades. More recently, resin-in-
pulp processes have gained attention as a potential method to improve the efficiency of nickel 
operations
[1]. While every nickel laterite operation is unique, many involve an acid leach, 
neutralization and oxidative precipitation of impurities followed by counter current decantation to 
separate valuable liquor from the unwanted metal residue and precipitate. Counter current 
decantation (CCD) of this material is challenging at best, with large CCD tanks having a large plant 
footprint and requiring high capital investment. Depending on the settling characteristics of the 
precipitate, 5% or more of the leached nickel and cobalt can be lost to the slurry underflow through 
solution entrainment, co-precipitation, and sorption processes on the high surface area solids. For a 
site producing 40,000 tonnes per annum nickel and 2,500 tonnes per annum cobalt this represents 
yearly losses of approximately $40 million USD, given current LME spot prices (as of March 2012). 
 
The tremendous waste of value that these high losses of nickel and cobalt represent are the 
primary driving force behind the development of resin-in-pulp (RIP) scavenging from laterite 
tailings
[2-7]. RIP scavenging involves contacting ion exchange resin with nickel laterite tailings at 
conditions where the valuable metals load onto the resin. As the resin beads are larger than the 
slurry particles, they can be separated from the slurry using vibrating sieving. Following this, the 
resin is washed to remove residual slurry and solution, and then eluted to recover metal value. 
While exact values vary, typical caron process tails contain roughly 300 mg/L nickel and 50 mg/L 
cobalt in slurry. High pressure acid leach tailings may contain 200 mg/L nickel and 35 mg/L cobalt in 
slurry. With efficient resin-in-pulp contact, upwards of 90% of this otherwise lost metal value can be 
recovered. 
 
Although the chelating ion exchange resins proposed for use in nickel laterite RIP are selective for 
nickel and cobalt over other unwanted metals, laterite tailings solutions contain a relatively small 
amount of these metals of interest. Depending on the composition of the original ore and the 
method of leaching, the neutralized slurry can contain large amounts of solution phase magnesium 
and manganese (in the case of acid leaching) and vast amounts of ferric iron, silica, aluminium, and 
chromium in the solid phase. The presence of other cations that compete with nickel and cobalt for 
resin loading sites complicates resin-slurry equilibria. In general, there is a trade off between 
recovery of nickel and cobalt and purity of loaded resin. To recover a high amount of the nickel and 
cobalt value, one must accept the presence of impurity metals on the resin. When resin is eluted, 
these impurity metals can follow value metals into the eluate. 
 
To date, the majority of resin elution work has focused on metal recovery via acid contact (usually 
H2SO4). When one has produced a resin loaded with a high fraction of value metals, quantitative 
elution in this fashion is attractive. Using strong acid, metal is recovered in a small volume of eluent 
with rapid kinetics. However, as more impurities are loaded onto a resin, strong acid elution 
becomes less attractive as quantitative elution of a low purity resin produces a low purity eluate.  In 
such a case, a method of selectively recovering value metal from resin is desirable. 
 
One selective elution method involves two stages – dilute acid to remove weakly bound impurity 
metals, followed by strong acid to recover the remaining metals
[3]. For the iminodiacetic acid resins 
most commonly investigated for nickel RIP, this method achieves selectivity of nickel and cobalt 
over magnesium, calcium, and manganese, but does not separate nickel and cobalt from ferric iron 
or chromium. Another option is the use of ammoniacal elution
[8]. Nickel and cobalt readily form 
stable amine complexes and have high solubility in strong ammonia solutions, unlike the majority of 
other metals present in nickel laterite processing. By taking advantage of this chemistry, nickel and 
cobalt can be effectively eluted separate from impurity metals. 
 
The value of selective elution depends on the purity of the loaded resin. With less impurities, the 
additional expense of a second stage of elution or the higher cost of ammonia reagents relative to 
sulphuric acid make selective elution less attractive. In order to better determine the performance of 
different elution methods, a resin produced through scavenging RIP of plant tails from Queensland 
Nickel was treated using three elution strategies – single stage strong acid, two stage weak acid-
strong acid, and single stage ammoniacal elution.  3 
2.  MATERIALS AND EXPERIMENTAL METHOD 
2.1.  ION EXCHANGE RESIN 
 
For this study Lewatit MonoPlus TP 207 XL resin was used, hereafter refered to as TP 207 XL. This 
is a monosize variant of a micro/macroporous iminodiacetic resin with a dvb-styrene matrix.  The TP 
207 XL variant is designed specifically for resin-in-pulp
[9], with a mean bead size of 790 microns in 
the wet sodium form
[7]. The selectivity of the resin is roughly in the following order but can vary 
depending on how the selectivity experiment is conducted, the pH, and ion concentration:  
 
Cu > Fe(III) > Ni, Al(III) > Fe(II) > Co > Mn > Ca > Mg > Na 
 
This resin uses the same functionalization as Dow Amberlite IRC748 and Purolite S930. While the 
manufacturing methods and resin structure of TP 207 XL are different, the properties of their 
chemical functional groups are identical. 
 
The ion exchange resin used in this study was pre-soaked in de-ionised water then converted to the 
sodium form through contact with 1 M NaOH. Residual sodium hydroxide was rinsed off with de-
ionised water and the conditioned resin was transferred to the neutralized leach slurry from 
Queensland Nickel at a volumetric resin-to-solution ratio of 1:10. The slurry contained 1100 mg/L 
nickel and 40 mg/L cobalt. The resin was suspended in the slurry through gentle agitation while 
maintaining a constant pH of 4 for 3 hours of total contact time. After contact with slurry the resin 
was rinsed with de-ionised water to remove residual slurry before transfer to the elution stage. 
 
The loaded resin composition is shown in Table 1, expressed in grams of metal per liter of loaded 
resin. 
 
Table 1 – Composition of scavenging resin 
Metal  Al Ca Co Cr Cu Fe Mg Mn  Ni  Zn 
g/L resin  4.71 0.44 0.36 3.92 0.02 0.62 1.32 1.91 12.09 0.17 
 
Loaded nickel and cobalt account for approximately 30% of the total charge on this resin. The 
relatively low proportion of resin loaded by the desired metals is understandable considering that 
this resin was loaded in tailings slurry. In order to achieve a high recovery of the nickel and cobalt 
that would otherwise be lost to tails, one must accept significant loading of undesirable impurities. 
This situation is analogous to the trade off between total metal recovery and concentrate grade 
during flotation. By contrast, a resin loaded from slurry with 4-5 g/L nickel may be loaded with 80-
90% nickel.  
2.2. EXPERIMENTAL  PROCEDURE 
 
The loaded resin was placed in a water jacketed glass column (100 mm height by 30 mm diameter). 
Connected to a water bath and heater, this allowed temperature control of the system. Eluent was 
fed into the column with a precision peristaltic pump. Solution was sampled, stabilized in acid and 
sent to the University of Queensland School of Agriculture and Food Sciences Analytical Services 
for metal content determination by ICP analysis. When two stage elution was used, resin was rinsed 
with 20 bed volumes of de-ionized water in between stages to remove entrained solution. The 
experimental apparatus is pictured in Figure 1. 
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Figure 1 – Elution study experimental apparatus 
 
Eluent was made with 98% w/w purity sulphuric acid H2SO4 made by Ajax, 25% w/w purity aqueous 
ammonia NH4OH made by Merck, molecular biology grade ammonium sulphate (NH4)2SO4 made 
by Merck, and analytical grade MgSO4 made by Chem Supply. 
 
Using the same resin and experimental apparatus, experiments were run to compare the 
performance of a single stage of strong acid elution, two stage elution of weak acid followed by 
strong acid, and single stage ammoniacal elution. The experimental conditions are shown in Table 
2. The composition of the ammoniacal eluent was the same in each ammoniacal elution test and is 
presented in Table 3. 
 
Table 2 – Experimental Conditions 
Experimental 
Conditions 















25 2 1  -  - - 
50 2 1  -  - - 
50 5 1  -  - - 




25 5  0.02  50 5 1 
50 5  0.02  50 5 1 
25 5  0.05  50 5 1 
50 5  0.05  50 5 1 
Single stage 
ammonia 
25 2  N/A -  - - 
50 2  N/A -  - - 
25 5  N/A -  - - 
50 1  N/A -  - - 
 
Table 3 – Ammoniacal Eluent Composition 
Reagent  Concentration (g/L)  Concentration (mol/L) 
NH4OH 62.5  1.8 
(NH4)2SO4 350  2.6 
MgSO4 21  0.17 
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3. RESULTS 
3.1.  SINGLE STAGE STRONG ACID 
 
The single stage strong acid strip using 1 M H2SO4 fully was tested at 25°C and 50°C at various 
flow rates. Figure 2 and Figure 3 show the results of the run with elevated temperature and 
moderate flow rate. The response is characteristic of all single stage strong acid tests. It can be 
seen that the majority of all elements are recovered in the first 2-3 bed volumes, with diminishing 
returns on later bed volumes.  
 
Of the elements analyzed only chromium exhibited a significant different in elution behavior through 
varying temperature and flow rate. At room temperature and low flow rate, cumulative chromium 
recovery was limited to 20% of total chromium. At 50°C and low flow rate virtually all chromium was 
stripped from the resin. As the flow rate was increased from 2 BV/hr to 10 BV/hr, chromium elution 
was reduced from ~100% to 35%. This indicates that the rate of exchange of chromium is 
considerably slower than that of other metals. 
 
The overall recovery of nickel was in the range of 95-100% in all 4 tests. As the flow rate increased, 
the nickel recovery peak became slightly wider, with more nickel being recovered in bed volumes 4-
6 rather than in 1-3. It was found that 95% of the nickel was recovered by BV 3 at 50°C with 2 and 5 




  Complete recovery of all elements except chromium 
  Rapid kinetics of stripping for all elements except chromium 




Figure 2 - Single stage strong acid elution, 1 mol/L H2SO4, 2 BV/hr, 50°C 
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Figure 3 - Single stage strong acid elution, 1 mol/L H2SO4, 2 BV/hr, 50°C 
3.2.  TWO STAGE WEAK ACID-STRONG ACID 
 
The strength with which an element binds to an ion exchange resin is proportional to the acidity 
needed to elute it. Relative metal-resin bond strength can be estimated by looking at a metal 
selectivity order for a range of metals. In the case of TP 207 XL and other resins with iminodiacetic 
acid functional groups, this order is roughly as follows: 
 
Cu > Fe(III) > Ni, Al(III) > Fe(II) > Co > Mn > Ca > Mg > Na 
 
As a result, there is a trade off between the concentration of weak acid and the potential for 
inadvertently eluting nickel and cobalt during the weak acid strip. According to this selectivity order, 
a weak acid strip will remove sodium, magnesium, calcium, and some manganese before valuable 
cobalt and nickel are eluted in significant amounts. This was tested using two concentrations of 
weak acid eluent (0.02 and 0.05 M H2SO4) and two temperatures (25°C and 50°C) for the weak acid 
strip. Figures 4-6 show the performance of the weak acid elution at 25°C and 0.02 M H2SO4 
followed by strong acid elution (50°C, 1 M H2SO4).  
 
In this test work it was confirmed that magnesium, calcium and manganese can be selectively 
eluted by weak acid. As can be seen in Figure 4, 0.02 M H2SO4 takes more bed volumes of eluent 
to completely remove the targeted impurities, but this eluent leaves nickel and cobalt untouched. By 
contrast, 0.05 M H2SO4 removes the targeted impurities within less bed volumes, but later bed 
volumes show significant amounts of nickel and cobalt being removed.  
 
Taken together, these results suggest that either concentration of weak acid is effective at removing 
magnesium, calcium and manganese, but to use 0.05 M H2SO4 requires careful control to insure 
elution is stopped after the bulk of impurities are removed but before nickel and cobalt are lost. 
Magnesium and calcium were both amenable to this technique, and 90-100% removal of both was 
achieved. Manganese is more stable on the resin. Faster removal of manganese can be achieved 
using a higher concentration of H2SO4, but at the expense of nickel and cobalt losses.  
 
The peak nickel and cobalt concentrations in second stage strong acid elution was significantly 
higher than that of the single stange strong acid elution. The peak nickel concentration of the single 
stage acid strip was 4.5-5.5 g/L nickel, while in the two stage strip it was 6.5-7.2 g/L nickel. The 
respective numbers for cobalt are 200-240 mg/L and 240-320 mg/L. This can be explained with the 
metal selectivity order for the resin. Metals low on the selectivity order are eluted first. By removing  7 
impurity metals from the resin with weak acid, the strong acid introduced during the second stage is 
more efficient at removing the next highest metals in the selectivity order, namely nickel and cobalt. 
In both cases nickel and cobalt are recovered completely, but a higher peak concentration leads to 
a reduction in reagent use and is better for downstream processing.  These are single pass 
experiments and in an actual operation a counter current configuration would be employed to 




  Weak acid effective at removing calcium, magnesium, and manganese apart from nickel 
and cobalt 
  First stage must be carefully managed to cleanly separate manganese from nickel and 
cobalt 
  Weak acid stage allows higher nickel tenor in second stage 




Figure 4 - Two stage weak acid-strong acid, first stage, 0.02 mol/L H2SO4, 10 BV/hr, 25°C  8 
 
Figure 5 - Two stage weak acid-strong acid, second stage, 1 mol/L H2SO4, 5 BV/hr, 50°C 
 
Figure 6 - Two stage weak acid-strong acid, second stage, 1 mol/L H2SO4, 5 BV/hr, 50°C 
3.3.  SINGLE STAGE AMMONIACAL ELUTION 
 
Previous work on ammoniacal elution of TP 207 XL resin has shown that the highest recovery of 
nickel is achieved with an eluent composed as shown in Table 3
[8]. The ammonia (NH4OH) acts to 
complex the nickel, the ammonium ((NH4)2SO4) acts to reduce the pH and provides an alternative 
cation for the resin to bond with, and magnesium provides a second cation for the resin to bond 
with. 
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Single stage ammoniacal elution was tested at 25 and 50°C and 1, 2, and 5 BV/hr. The results of 
one of these experiments are shown in Figures 7 and 8. In a single pass of 6 bed volumes the 
recovery of nickel and cobalt ranged from 65-75% and 35-45% respectively. Increasing the 
temperature to 50°C had a moderate effect on kinetics, exhibited by somewhat faster recovery of 
nickel. Increasing temperature had a deleterious effect on cobalt recovery.  
 
Ammoniacal elution was selective for nickel and cobalt over most impurity metals. At room 
temperature the eluate contained less than 1 mg/L of iron and aluminium and less than 10 mg/L of 
chromium and calcium. These values represent total recoveries of 1% or less for Fe, Al, Cr and 
approximately 15% for Ca. As in previous strong acid elution tests, higher temperature significantly 
increased elution of chromium, resulting in chromium concentrations of 80-125 mg/L. Manganese 
recovery was unaffected by temperature, with 100-130 mg/L reporting to the eluate. This 
corresponds to 30-35% of the total manganese. The small amounts of copper and zinc present on 
the resin were completely eluted during this process as they form stable ammonia complexes.  
 
As the eluent is saturated with magnesium, this process does little to elute magnesium. Instead,  
magnesium in the eluent is exchanged for other metals on the resin. In practice the bed volumes 
with the highest concentration of nickel have the lowest concentration of magnesium. In this work 
the minimum magnesium concentration in the eluate was 600-800 mg/L. In previous work using 






  Very high selectivity for nickel and cobalt over iron, aluminium, chromium, and calcium 
  Good selectivity for nickel and cobalt over manganese 




Figure 7 - Single stage ammonia elution, 5 BV/hr, 25°C 
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Figure 8 - Single stage ammonia elution, 5 BV/hr, 25°C 
4.  DISCUSSION AND IMPLICATIONS 
4.1. REAGENT  CONSUMPTION 
 
An important consideration in any elution process is reagent consumption. In the two acidic elution 
schemes the primary reagent being consumed is sulphuric acid. For every unit of charge eluted 
from the resin, half a unit of sulphuric acid is consumed, as per the following reaction (overline 
represents species on the resin): 
 
H2SO4 +  Ni
2+   ↔ 2H
+   + NiSO4  (Eq. 1) 
 
Additionally, enough acid must be present to maintain metal solubility in the outgoing stream. In the 
case of nickel and cobalt, only a small amount of residual acid in the eluate is necessary, as nickel 
and cobalt are readily soluble even at near neutral pH. In the case of iron, aluminium, and 
chromium, significant residual acid is needed to prevent these metals from precipitating as 
hydroxide compounds. Since acidic elution is unselective, acid is used to displace all metals on the 
resin, not just the desired nickel and cobalt. As a result, a low purity loaded resin will have a higher 
acid consumption per unit nickel/cobalt, even though the reaction stoichiometry remains the same.  
 
Performing an acidic elution in two stages as in the weak acid-strong acid scheme offers some 
reagent savings through more rapid elution of nickel value in the second stage. Fewer bed volumes 
of eluent are needed to recover the nickel value completely.  
 
As a result of equation 1, when resin eluted by acid is sent back to the tailings stream or neutralized 
HPAL slurry for recycle, it brings with it a significant amount of acidity. As resin loading is a pH 
dependent process, this acidity must be controlled and neutralized in order for resin reloading to be 
effective. As a result, a secondary reagent consumed in the acidic elution schemes is neutralization 
agent during loading. The nature of this elution process makes it impossible to recycle the sulphuric 
acid or neutralization reagent, so these reagent costs are ongoing. 
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The liquid ammonia and ammonium sulphate used in ammoniacal elution are considerably more 
expensive than sulphuric acid, but potential exists for their recycle or recovery as saleable products. 
The overall elution chemistry is as follows (overline represents species on the resin): 
 
6NH3 + MgSO4 +  Ni
2+   ↔ Mg
2+   + Ni(NH3)6SO4  (Eq. 2) 
 
As a result, resin recycled to the loading circuit holds magnesium while ammonia and ammonium 
stay in the eluate. With a wash stage following elution to collect eluate entrained in the resin little 
ammonia/ammonium are returned to the reloading circuit. The magnesium sulphate necessary for 
elution can potentially be generated on site or reclaimed from other streams since magnesium 
sulphate is a significant waste product of the acid leaching of nickel laterites.  
 
4.2. RESIN  RELOADING 
 
No matter the method of elution, once the loaded resin has been eluted it must be recycled for 
further reloading. The content of the eluted resin will play a role in determining the kinetics of this 
process. In the case of acid elution the resin will be loaded with acid as protons, while in selective 
ammoniacal elution the resin will be loaded with magnesium and any impurities that were not eluted 
previously. As a result, the exchange chemistry during reloading will be different depending on the 
method of elution. In the case of acidic elution, nickel is diffusing into the resin while protons are 
diffusing out after release. In ammoniacal elution, magnesium and other metal cations are diffusing 
out after release. This could lead to differences in reloading kinetics, as the highly mobile proton 
diffuses and reacts faster than larger, less mobile metal cations. While a direct comparison between 
these rates has not been undertaken, past research in this area suggests that nickel diffusion is the 
rate limiting step of resin loading, indicating that the form of the resin has minimal impact on loading 
kinetics
[10]. On the other hand, the outward diffusion of protons from the resin cause local low pH 
zones near the resin, reducing the driving force for resin loading and thus lowering kinetics. The 
details of this subject are the focus of an ongoing study at the University of Queensland. 
 
Another consideration is the state of the nickel and cobalt to be scavenged in the tailings slurry. It is 
known that nickel is lost to thickened tailings streams not only as residual and entrained solution, 
but also through co-precipitation with metal hydroxides and adsorption onto these high surface area 
solids. In any case, careful pH control is necessary to achieve a balance between the lack of driving 
force for resin loading at low pH and the tendency of nickel and cobalt to precipitate as hydroxides 
at high pH. 
 
4.3. ELUENT  PROCESSING 
 
Once value metal has been eluted from the resin it must be made into a saleable product. Acidic 
and ammoniacal elution allow different methods of achieving this. In the case of acidic elution at a 
site producing nickel-cobalt mixed hydroxide precipitate (MHP), eluate can be fed into the MHP 
production circuit. If acidity in the nickel bearing eluate is minimized to reduce the amount of 
neutralization required to bring this solution to the appropriate pH, this approach is suitable. From 
there, MHP can be further refined to final nickel and cobalt products
[11,12]. 
 
In the case of ammoniacal elution, the final eluate is not high enough tenor to be sent to hydrogen 
reduction. However, on an integrated site such as Murrin Murrin
[13], WA, the eluate could be mixed 
with the feed of the ammonia leach of the mixed nickel/cobalt sulphide, allowing recovery of the 
metal value through the existing hydrogen reduction facility. Ammonia/ammonium sulphate in the 
eluate would then be recovered as saleable ammonium sulphate crystals. A schematic flow sheet 
for this process is shown in Figure 9.  
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Figure 9 - Flow sheet for resin-in-pulp scavenging followed by ammoniacal elution 
Alternatively, nickel and cobalt contained in the ammoniacal eluate could be separated and 
recovered using a similar solvent extraction process as that used at Queensland Nickel.  
 
4.4.  ELUTION COLUMN CONFIGURATION 
 
In this study all elution tests were carried out in a single column. This experimental method 
demonstrates the chemistry of different elution processes, but it does not take advantage of the 
improvements offered by multi-stage counter-current operation through carousel systems or U 
shaped columns. There are many designs for more sophisticated elution systems, such as the 
MetRIX continuous RIP system developed by Bateman and Mintek for base metals
[14] and the 
CLEAN-iX elution circuit developed by CleanTeQ for the uranium industry
[15]. 
 
5.  CONCLUSIONS 
The loss of residual nickel and cobalt to tailings streams represents a large inefficiency in many 
existing laterite operations. The majority of these losses can be avoided through treatment of 
tailings with scavenging resin-in-pulp. The resin produced through such circuits is loaded with a 
high proportion of impurity metals, complicating downstream processing. Selective elution of resin 
to recover nickel and cobalt preferentially over impurity metals can be carried out with multistage 
acid stripping or single stage ammoniacal stripping. Two stage weak acid-strong acid elution offers 
selectivity for nickel and cobalt over magnesium, calcium and manganese, but not over iron, 
aluminium, or chromium. Ammoniacal elution offers high selectivity for nickel and cobalt over other 
metals but requires more expensive reagents. Each option allows different methods for production 
of saleable material to reclaim value metal that would have otherwise been lost. 
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